ABSTRACT: Flocculation can be considered as an effective mechanism in self-purification of metals during estuarine mixing. In the present investigation, flocculation of metals during mixing of Minab River water with the Strait of Hormuz (The Persian Gulf) water is studied for the first time. Flocculation behavior of metals (except for Pb) is governed by dissolved organic carbon. The source of dissolved organic carbon is terrigenous in the estuarine waters of study area. The general pattern of flocculation of studied metals is manganese (180
INTRODUCTION
Fluxes of materials (dissolved and particulate matters) find their way into lakes and seas through rivers (Meybeck, 1988) . Estuaries are the major biogeochemical interfaces between land and sea where terrigenous elements born by river on their way to the sea under go various changes (Sharp et al., 1982; Breuer et al., 1999) . Mixing of river and seawater results in flocculation of trace metals especially in the upper part of the estuary where lower salinity regimes are found (Gerringa et al., 2001; Karbassi et al., 2008a; Biati et al., 2010) . Due to the flocculation process a large portion of the dissolved metals supplied by the river come into particulate phase (Eckert and Sholkvitz, 1976; Boyle, 1977; Sholkovitz et al., 1977; Karbassi et al., 2008b; c) . Thus, estuarine processes can influence elemental composition of the sea water (Sillen, 1961; Mackenzie and Garrels, 1966; Mackenzie, 1975; Troup and Bricker, 1975; Nouri et al., 2008a) . The two important mechanisms affecting the concentration and distribution of trace metals during estuarine mixing have been successfully modeled by water-column mixing experiments (Sholkovitz, 1976; Comans and Van Dijk, 1988; Samarghandi et al., 2007) . These two counteractive, non biological mechanisms are desorption of metals from resuspension of riverine particles and flocculation of metals-humate from solution (Li et al., 1984) . Controlling mechanisms of flocculation process have been investigated intensively. In wetlands, flocculation is enhanced by increased pH, turbulence, concentration of suspended matters, ionic strength and high algal concentration (Matagi et al., 1998; Zvinowanda et al., 2009) . Flocculation mechanisms are mainly due to colloidal stability, surface properties, humic acids, salinity and pH (Hunter, 1983; Zhiging, et al., 1987; Featherstone and O'Grady, 1997; Karbassi et al., 2007) . Removal of significant amounts of reiverine dissolved organic carbon (DOC) may occur due to flocculation or precipitation reactions that result in the conversion of DOC to particulate organic carbon and their subsequent settlement on to the sediments (Sholkovitz, 1976; Nouri et al., 2008b) . Production of autochthonous DOC in estuaries may also occur through several processes (Sharp, 1991; Aliabadi et al., 2006) . Although many studies have reported conservative mixing of DOC during estuarine transport (Moor et al., 1979; Laane, 1980; Sharp et al., 1982; Mantoura and Woodward, 1983; Aminot et al., 1990) , some investigations displayed a relatively dynamic DOC pool (Doering et al., 1994) . Redox processes is of major concern for mobilization of trace metals in estuaries where an oxygen gradient exists in addition to the salinity gradient (Gerringa et al., 2001; Abdel-Ghani et al., 2009) . A combination of high organic matter content and a long residence time, may result in development of anoxic conditions that may be either restricted to the sediments (Westerlund et al., 1986; Kerner and Wallmann 1992) or can occur in the water column (Zwolsman and Van Eck, 1993; Zwolsman et al., 1997; Shiller and Mao, 1999) . Sulfides of elements (e.g. zinc (Zn) and cadmium (Cd)) may precipitate in anoxic conditions (Malakootian et al., 2009) . In more saline parts of the estuary, some elements (e.g. Zn and Cd) are released in to the water as a result of oxidation (Sholkovitz, 1976; Duinker and Nolting, 1978; Duinker et al., 1983; Wollast, 1988; Regnier and Wollast, 1993; Chiffoleau et al., 1994; Paucot and Wollast, 1997) . Flocculation process has been studied in northern part of Iran (Haraz, Sefidrud, Chalus, Talar, Tadjan and Gorgan rud rivers) (Karbassi and Nadjafpour, 1996; Karbassi et al., 2007 Karbassi et al., , 2008a . Such investigations has not been carried out in southern part of Iran. Present study would fill up such gap for southern coasts of Iran.
MATERIALS AND METHODS
Strait of Hormuz is an important corridor that connects Iran and other oil producing economic countries (OPEC) to the world's open seas. Strait of Hormuz has a width of 50 to 60 Km. Maximum depth of water in strait of Hormuz is 100 m. Minab Rive has a length of 200 Km and its average annual discharge is 10.99 m 3 / s. Minab River is formed by two main branches named Rudan in western part and Jaghin in eastern part. It lies between longitude of 57º 07´ and Latitude of 27 º 09´. Various municipal and industrial waste water containing heavy metals and organics along with agricultural fertilizers, pesticides and herbicides enter into the Minab River. Fresh and saline water samples were collected in pre-cleaned 25 L polyethylene bucket from the Minab River upstream and Strait of Hormuz (16 Km away from river mouth), respectively (Fig. 1) . Water sampling was carried out on 5 th. October 2008. On the same day, water samples were filtered through 0.45 μm Millipore AP and HA filters. About one liter of filtered fresh water was acidified with concentrated HNO 3 to a pH of approximately 1.8 and stored in polyethylene bottles in a refrigerator prior to analysis of dissolved metals. Filtered river water and seawater were mixed together at room temperature (ca. 25 ºC) in nine proportions yielding salinities of 3.3-29.7. The 
